Epilepsy is commonly considered the result of an imbalance between excitatory and inhibitory "tone" leading to periodic and unpredictable seizures related to an abnormal discharge of cerebral neurons. Epilepsy is one of the most common neurological disorders, affecting ca. 1% of the population worldwide, and the incidence increases to 3% by the age of 75 years. Although most people become seizure-free with drug therapy, there is still a significant number of patients (30%) who are resistant to the currently available antiepileptic drugs whether used alone or in combination. The pathophysiology of epilepsy is complex and several mechanisms play a role in epileptogenesis and epileptogenicity.
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1) The efficacy of anticonvulsant drugs may be connected with different molecular targets to reduce the excitability of neurons involved in seizure onset.
2) The mechanism of action of currently available effective antiepileptics are: a) the induction of a prolonged inactivation of the Na ϩ channel; b) the blockade of Ca 2ϩ channel currents; c) the enhancement of the inhibitory g-aminobutyrate (GABA)ergic neurotransmission or the modulation of excitatory glutamatergic neurotransmission.
3) With respect to this last pharmacological target, extensive studies have demonstrated that competitive and noncompetitive antagonists of the ionotropic glutamate receptors (iGluRs) show promise in terms of their therapeutic potential for the prevention and treatment of the epilepsy. [3] [4] [5] [6] [7] [8] [9] [10] In our previous works, some isoquinoline derivatives were found to have anticonvulsant activities in various seizure models interacting with glutamate ionotropic a-amino-3-hydroxyl-5-methyl-4-isoxazole propionate (AMPA) receptor (AMPAR) subtype in a selective and non-competitive fashion. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] The most active compound of the series was the 2-acetyl-1-(4Ј-chlorophenyl)-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline (1, Fig. 1 ) which showed both in in vivo and in vitro tests activity stronger than other known AMPAR antagonists such as GYKI 52466, talampanel, and CFM-2 ( Fig.  1) . 17, 21, 22) Starting from the "lead compound" 1, in several previous studies, we examined a large series of its analogues and reported a comprehensive structure-active relationship (SAR) studies concerning the influence of specific substituents on tetrahydroisoquinoline skeleton; we found that the most active derivatives are generally characterized by the presence of 2-acetyl substituent; moreover two methoxy substituents on the benzene fused ring are crucial to produce pharmacological effects. 19) Furthermore our investigations suggested that the introduction of hydrophobic substituents at 4Ј-position of C-1 phenyl moiety (e.g. halogen atoms) could improve the anticonvulsant efficacy against sound-induced seizures in Dilute Brown non-Agouti (DBA/2) mice. These experimental evidences were confirmed by our computational studies in which we developed a 3-D pharmacophore model for noncompetitive AMPAR antagonists. 15) Herein we report the synthetic approach and the preliminary anticonvulsant screening in DBA/2 mice with the aim to explore other substitutions at the C-1 phenyl group and so to find new anticonvulsant isoquinolines deepening SAR studies. Finally, we tried to rationalize our findings by use a computational approach.
Results and Discussion
As depicted in Chart 1 a small series of 2-acetyl-1-aryl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline derivatives (6a-f) was prepared following previously reported procedures 17, 23) with slight modifications. In particular, we employed an efficient high-speed microwave-assisted synthetic approach (Chart 1) optimizing the chemical yield and purity as well as greatly reducing the reaction times and solvent September 3, 2010 amount. In particular, in solvent-free conditions and starting from amine 2 and suitable aldehyde 3a-f we prepared the imine intermediates 4a-f which, in the same reactor, were transformed into 1-aryl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinolines (5a-f). Then compounds 5a-f were readily acetylated to give desired final compounds 6a-f. The structures of the obtained compounds were supported by elemental analyses and spectroscopic measurements.
The anticonvulsant effects of the new 2-acetyl-1-aryl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline derivatives (6a-f) and the corresponding parent compounds 5a-f were evaluated against audiogenic seizures in DBA/2 mice, considered an excellent animal model for generalized epilepsy and for screening new anticonvulsant drugs. 24) Table 1 reports the pharmacological results for compounds 5a-f and 6a-f compared with those of known non-competitive AMPA receptor antagonists such as isoquinoline 1 and 2,3-benzodiazepines (GYKI 52466, CFM-2 and talampanel) as well as of other antiepileptic drugs such as gabapentin and valproate. 25) The biological results reported in Table 1 suggest that these new synthesized compounds generally possess potency lower than "lead compound" 1. 12, 16) The analysis of ED 50 values on clonic and tonic phases of the test (see Table 1 ) highlighted that the most active molecules of this new series of compounds were derivatives 5d and 6d bearing 4Ј-methyl substituent on C-1 phenyl ring. In particular, compound 6d exhibited an anticonvulsant potency better than that of GYKI 52466, the prototype of non-competitive AMPAR antagonists showing anticonvulsant efficacy. Moreover, the anticonvulsant effects of compound 6d were comparable to those of active 2,3-benzodiazepine derivatives CFM-2 and talampanel, which has already undergone phase 1 and 2 trials for refractory epilepsy, as well as amyotrophic lateral sclerosis and Parkinson disease. 21, 22) It is interesting to note that in this experimental model of epilepsy the observed activity of compound 6d exceeded that of valproate and gabapentin, two drugs largely used in antiepileptic therapy. On the basis of calculation of Log D 7.4 , 26) predicted from a commercially available program (advanced chemistry development/Lab), we hypothesized that the hydrophobic character of methyl substituent could positively contribute to the blood-brain barrier crossing thus improving the anticonvulsant efficacy. But we also observed a discrepancy of the potency between 3Ј-methyl-substituted derivative 6c and 4Ј-methyl-substituted derivative 6d, so we decided to superimpose these two compounds in our 3-D pharmacophore model developed for noncompetitive AMPAR antagonists. 15) According to the previous reported pharmacophoric hypothesis five structural motifs control AMPAR recognition process; they are two hydroDecember 2010 1603 gen-bond acceptors (HBA), one hydrophobic aromatic region (HYAr), and two hydrophobic region (HY); moreover, in this model we described three excluded volumes (E1-E3) as forbidden areas. Figure 2A displays the alignment of the most active derivative compound 6d revealing that all favorable chemical features were well matched by this molecule and the 4Ј-methyl substituent fits the HY2 chemical feature; on the contrary in the case of the less active compound 6c we found that in its best alignment into pharmacophoric hypothesis the HY2 feature was lacking (see Fig. 2B ). Considering that the low active pairs of C-3Ј and C-4Ј substituted 2-acetyl-1-aryl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline derivatives (6a and 6b, 6e and 6f) were unable to fit all requested chemical features, their pharmacological efficacy was unaffected by the substituent shift from C-4Ј to C-3Ј position.
In conclusion, we have identified a new active compound (6d) which shows significant anticonvulsant activity. On the basis of our pharmacological data as well as our molecular modeling studies, we also suggest that a methyl group at the 4-position of the C-1 phenyl ring is the best substituent for anticonvulsant efficacy of this new small series of 2-acetyl-1-aryl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinolines.
Experimental
Chemistry All starting materials and reagents commercially available (Sigma-Aldrich Milan, Italy) were used without further purification. Microwave-assisted reactions were carried out in a CEM focused Microwave Synthesis System. Melting points were determined on a Stuart SMP10 apparatus and are uncorrected. Elemental analyses (C, H, N) were carried out on a Carlo Erba Model 1106 Elemental Analyzer and the results are within Ϯ0.4% of the theoretical values. Merck silica gel 60 F 254 plates were used for analytical TLC. Rfϭvalues were determined employing TLC plates and using a CHCl 3 /MeOH mixture as eluent. General Procedure for the Synthesis of 1-Aryl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinolines (5a-f) A mixture of 2-(3Ј,4Ј-dimethoxyphenyl)ethylamine (2) (1.0 mmol) and suitable benzaldehyde derivative 3a-f (1.2 mmol) was placed in a cylindrical quartz tube (f 2 cm), then stirred and irradiated in a microwave oven at 100 W for 5 min at 90°C; after cooling to room temperature trifluoroacetic acid (2 ml) was added and the mixture was irradiated at 280 W for 5 min at 90°C. The reaction was quenched by adding water, and the mixture was basified (pHϷ8-9) with sodium hydroxide (2 M aqueous) to give a solid. The crude product was powdered by treatment with diethyl ether, filtered and purified by crystallization with EtOH to afford 1-aryl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinolines (5a-f). General Procedure for the Synthesis of 2-Acetyl-1-aryl-6,7-di- methoxy-1,2,3,4-tetrahydroisoquinolines (6a-f) A solution of isoquinoline derivative (5a-f) (1 mmol) in Ac 2 O (1 ml) was irradiated in a microwave oven at 150 W for 5 min at 70°C; after cooling the reaction was quenched by adding water and extracted with ethyl acetate (3ϫ5 ml). The organic layer was dried over Na 2 SO 4 , and the solvent was removed until dryness under reduced pressure. The oil residue was powdered with diethylether and crystallized with EtOH to give 2-acetyl-1-aryl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline derivatives 6a-f.
2-Acetyl-1-(3Ј-cyanophenyl)-6,7-dimethoxy-1, Pharmacology. Testing of Anticonvulsant Activity All experiments were performed with DBA/2 mice which are genetically susceptible to sound-induced seizures. DBA/2 mice (8-12 g; 21-25-d-old) were purchased from Harlan Italy (Corezzana, Italy). Groups of 10 mice of either sex were exposed to auditory stimulation 30 min following administration of vehicle or each dose of drugs studied. The compounds were given intraperitoneally (i.p.) (0.1 ml/10 g of body weight of the mouse) as a freshly-prepared solution in 50% dimethylsulfoxide (DMSO) and 50% sterile saline (0.9% NaCl). Individual mice were placed under a hemispheric perspex dome (diameter 58 cm), and 60 s were allowed for habituation and assessment of locomotor activity. Auditory stimulation (12-16 kHz, 109 dB) was applied for 60 s or until tonic extension occurred, and induced a sequential seizure response in control DBA/2 mice, consisting of an early wild running phase, followed by generalized myoclonus and tonic flexion and extension sometimes followed by respiratory arrest. The control and drug-treated mice were scored for latency to and incidence of the different phases of the seizures. The experimental protocol and all the procedures involving animals and their care were conducted in conformity with the institutional guidelines and the European Council Directive of laws and policies. 20) Statistical Analysis Statistical comparisons between groups of control and drug-treated animals were made using Fisher's exact probability test (incidence of the seizure phases). The ED 50 values of each phase of audiogenic seizures was determined for each dose of compound administered, and dose-response curves were fitted using a computer program by Litchfield and Wilcoxon's method. 27) 
